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Background : Space- based Laser Comm. 
Program in the past and present (1) 

Asia USA Europe

P
a
s
t

- 1994: ETS-VI (NICT), 

GEO-GND, 0.8ɛm/0.5ɛm, 

IMDD, 1Mbps

- 2006: OICETS (JAXA/NICT),

LEO-GEO,LEO-GND, 

0.8ɛm, IMDD, 50Mbps

- 2011: HY-2 (China), LEO-

GND, 1.5ɛm, IMDD, 504 

Mbps-

- 2014: SOCRATES/ SOTA

(NICT), LEO-

GND),0.98/1.5ɛm, IMDD, 

10Mbps

-2017 Micius (China) , QKD

international demonstration. 

- 1995: GOLD (NASA JPL), 

GEO-GND, 0.8/0.5ɛm, IMDD, 

1Mbps

- - 2001: GeoLITE (NRO), 

GEO-GND

- 2008: NFIRE (MDA), LEO-

LEO, 1.06ɛm, homodyne 

BPSK, 5.6Gbps

-2012 LRO (NASA) 532nm, 

PPM 300bps

- 2013: LLCD (NASA GSFC), 

Lunar-GND, 1.5ɛm, PPM, 

622Mbps

- 2014: OPALS (NASA JPL), 

ISS-GND, 1.5ɛm, IMDD, 

30~50Mbps

- 2001: SILEX (ESA), GEO-

LEO, GEO-GND,  GEO-Air, 

0.8ɛm, IMDD, 50Mbps

- 2008: TerraSAR-X (DLR), 

LEO-LEO, LEO-GND, 

1.06ɛm, homodyne BPSK, 

5.6Gbps

- 2011: BTLS (Russia), ISS-

GND, 1.55ɛm/0.85ɛm, IMDD, 

125Mbps

- 2014: EDRS/Copernics

(ESA), GEO-LEO, GEO-GND, 

1.06ɛm, homodyne BPSK, 

~1.8Gbps

-Sentinel-1B
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Background : Space- based Laser Comm. 
Program in the past and present(2)  

Asia USA Europe
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- 2018: RISESAT/ VSOTA

(NICT), LEO-GND, 

0.98/1.5ɛm, IMDD, ~1kbps

- 2019ODRS (JAXA), GEO-

GND, 1.5ɛm, DPSK,

1.8Gbps

- 2021 HICALI (NICT) , 

1.5ɛm, 10Gbps, DPSK

- LCRD (NASA GSFC), GEO-

LEO, GEO-GND, 1.5ɛm, 

DPSK/PPM, 2.8G/622Mbps

- DSOC (NASA JPL), Deep 

space-GND PPM,

- EDRS-C, EDRS-D

- OSIRISv1-3 (DLR), LEO-

GND, 1.5ɛm, IMDD, 20M-

10Gbps

- OPTEL-ɛ(RUAG), Deep 

space-GND, LEO-GND, 

1.5ɛm, IMDD, 2Gbps

- OPTEL-D (ESA), Deep 

space-GND
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And more, There is growing commercial based program and 
service using LEO/MEOconstellation optical comm.

http:// icsos2017.ieee-icsos.org



Space  Communication 
Data Rate v.s Satellite size

Optical

~10Mbps

Low cost path-

finder type space 

verification 

>Gbps

Mid/small satellites

High-end 

communications  

~100M

bps

RF

kbps~1Mb

ps

Micro/namo satellites
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Background : RISESAT/ VSOTA project

2010 άHodoyoshiέReliability/Cost balanced  micro-satsprogram as RISESAT
defined SateliiteNo.2start

2012 Collaborative Research Agreement between NICT and Tohoku Univ.

2013 VSOTAFMcompleted environment test Lost opportunity of launchat 
over sea site.

2014 SOTA experiment start

2016 SOTA experimentend

2016
2017

Regain the Launch Opportunity by EpsilonRocket #4 under JAXA
Innovative Satellite Technology Demonstration Program

2018 Re-start project NICT
FM start integration and Test
END END system level test  software refinement
Preparation of Ground station
Pass to Launcherplace in Nov.11/8/2018 21th IWLR,  Canberra 2018 6



LDDriver (VSOTA-E) 

1550nm 980nm

VSOTA
(Very Small Optical Transmitter)

VSOTA- Collimator

Optical fiber
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VSOTA SOTAHeritage 
SOTA: Small Optical TrAnsponder (in orbit )

Optical on GimbalMechanicsElectric Part

LDand driver board andCollimatorĄVSOTA Compoonent
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VSOTA Specification

VSOTA SOTA
Mass <1kg 6.2 kg
Power 
Consumtion

<10W 40W

Link distance 2000kmmax ă=

Wavelength
Divergence )

980nm(TX1),1550nm(TX4)
Div. 3.3mrad/ 1.2mrad

980nm TX1), 1550nm(TX4)
Div. (нлл˃rad) 
800nm(TX2,3)
1064nm(RX)

Optical Power 980nm:540mW(max) 
1550nm:80mW(max)

ă=

980nm:Arbitrary
1550nm: Linear

ă=

Modulation
Format

100kbpsnominal
(10kbps~6MbpsVariable)

1Mbpsor 10Mbps
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Microsatellite RISESAT

Satellite  Size & Mass 
50x50x50cm,  55kg
Orbit 500-700km (nominal
500 , Sun-Synchronous
LTDNnominal 9:30

Mission Instruments includes:

Å High Precision Telescope (HPT)

Å Dual-band Optical Transient 

Camera (DOTCam)

Å Ocean Observation Camera (OOC)

Å Space Radiation micro-Tracker 

(Timepix)

Å Micro Monitor Camera (MMC)

Å Other engineering missions

Å Very Small Optical Transmitter 

(VSOTA)
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Pointing Accuracy:
0.1degreeor 1.7mradоˋRequirement
0.04 degree or 0.7mrad оˋGoal



Location of VSOTA Sub- Components and  
HPT  (High Precision Telescope) in RISESAT
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